underwent Whipple procedure, using standard techniques (Tan et al, 1986) . Briefly, a tissue sample was washed and teased in a tissue culture dish (Falcon, Becton Dickinson, Franklin Lakes, NJ, USA) in a medium consisting of 50% (v/v) Dulbecco's modified Eagle's medium (DMEM), 50% (v/v) F-12 Ham medium supplemented with 10% FBS, 5 µg ml -1 insulin, 5 µg ml -1 transferrin and 5 ng ml -1 selenium, 100 U ml -1 penicillin and 100 µg ml -1 streptomycin, 2 mM glutamine and 5 × 10 -5 M 2-mercaptoethanol. Small tissue fragments and freed cells were separated from the large fragments and transferred into a 50 ml centrifuge tube (Corning Inc., Corning, NY, USA). Large fragments (mostly connective tissues) remaining in tissue culture dish were discarded. The suspension containing small tissue fragments and freed cells was allowed to stand at room temperature for 5 min. After the small tissue fragments had settled, the cell suspension was transferred to another 50 ml centrifuge tube. The remaining small tissue fragments and freed cells were washed once by subjecting to centrifugation at 1000 rpm for 10 min. Both preparations were resuspended in complete DMEM/F-12 Ham medium and placed in 25-cm 2 tissue culture flasks (Costar, Cambridge, MA, USA) at 37°C in humidified atmosphere containing 5% carbon dioxide. Within 2-3 weeks, islands of epithelial cells were allowed to grow by preventing the outgrowth of fibroblasts using differential trypsinization procedure with low trypsin (0.05% trypsin and 0.02% EDTA; Gibco-BRL). By periodically repeating this procedure, primary pancreatic tumour cell line, WM, was established.
Flow cytometry and immunocytochemistry of tumour cells
The cultured WM and HPAF tumour cells were first trypsinized and immediately resuspended in FBS containing medium. After being washed twice, cells were resuspended in complete medium and allowed to recover antigens by incubation at room temperature for 1-2 h. The expression of MHC-class I and -class II molecules on the surface of tumour cells was determined using indirect immunofluoresence assay essentially as described by us (Selvan et al, 1991) . The tumour cells were stained with anti-HLA class I (W6/32) and anti-HLA class II (L243) antibodies (affinity purified antibodies from tissue culture supernatant of hybridomas were obtained from ATCC, Rockville, MD, USA) respectively. The control cells were stained with isotypematched antibody (IgG 2a ; Sigma, St Louis, MO, USA). All samples were stained with fluorescein-conjugated goat antimouse antibodies (Organon Teknika, Durham, NC, USA) and analysed for fluorescence intensity in an Ortho Cytofluorograph 50-H (Ortho Instruments, Westwood, MA, USA). The tumour cells were further assessed for the expression of mucin using immunocytochemical procedure as described elsewhere (Borowitz et al, 1984) . Briefly, tumour cells were grown to confluence in multi-chamber culture slides (Lab-Tek, NUNC, Inc., Laperville, IL, USA). Cells were washed with phosphatebuffered saline (PBS) and fixed with cold acetone (-20°C) . The fixed cells were blocked with PBS containing 1% bovine serum albumin (BSA; Sigma) and incubated with primary antibody DU-PAN-2 (IgM; hybridoma culture supernatant was a gift from Dr Zeinab Wahab, Duke University) or SP-1 supernatant. After washing, the cells were incubated with goat anti-mouse IgG peroxidase-conjugated antibody. The cells were washed in PBS, stained with diaminobenzidine and counter stained with Gill's haematoxylin.
Immortalization of B-cells
Peripheral blood B lymphocytes from pancreatic tumour patients were immortalized with tissue culture fluid containing Epstein-Barr virus (EBV) from the marmoset cell line B95-8 essentially as described elsewhere (Miller and Lipman, 1973) . Briefly, 5 × 10 6 peripheral blood lymphocytes (PBLs) were infected with EBV in the presence of 20 µg ml -1 cyclosporine and cultured in RPMI-1640 medium containing 10% FBS for 4-6 weeks during which time the immortalized B-cells exhibited active growth.
HLA typing
HLA typing of tumour cells and PBLs was carried out using complement-dependent microcytotoxicity assay with anti-HLA monoclonal and polyclonal antibodies (Pollack et al, 1981) .
Tumour-specific T-cell lines
Tumour cell-specific heterologous T-cell lines derived from draining lymph nodes of pancreatic adenocarcinoma patients, were established by stimulation with irradiated (6000 rad) heterologous pancreatic tumour cells (HPAF, T3M4 and PANC-1) and 5 U ml -1 human recombinant interleukin-2 (IL-2; DuPont, Wilmington, DE, USA) basically as described by Barnd et al (1989) . Tumour-infiltrating lymphocytes (TILs), and tumour cell-reactive autologous T-cells from peripheral blood mononuclear cells (PBMCs) were established with irradiated autologous tumour cells WM and IL-2 as described by us and others (Slovin et al, 1986; Belldegrun et al, 1989; Selvan et al, 1991) . Leucocyte lineage-specific antigens on the tumour-specific T-cells were determined using immunofluorescence followed by cytofluorometric analysis using anti-CD3, anti-CD4, anti-CD8, anti-CD19, anti-CD20, anti-CD16 and CD56 antibodies (tissue culture supernatants of hybridomas obtained from ATCC).
Lymphokine-activated killer (LAK) cells
Effector lymphokine-activated killer cells were generated by culturing PBMCs from mucinous pancreatic adenocarcinoma patients with 1000 U ml -1 of IL-2 for 5 days (Grimm et al, 1982) .
Culturing of T cells with purified mucin
Purified mucin used in this investigation was provided by Dr MS Lan, a coinvestigator of the report by Barnd et al (1989) and the lot of mucin preparation is the same as that used by Barnd et al (1989) (M Lan, personal communication) . Mucin was prepared as described elsewhere (Lan et al, 1985 (Lan et al, , 1987 . The quantity and purity of mucin preparations were qualified by the levels of reactivity against DU-PAN-2 antibody using competitive inhibition radioimmunoassay (RIA; Metzgar et al, 1984) and Western blot analysis respectively (Lan et al, 1985 (Lan et al, , 1987 . Rather than express the results as percent inhibition and titre, the quantity of DU-PAN-2 antigen in a sample was expressed as arbitrary units ml -1 based on reference to the partially purified standard antigen sample. The amount of DU-PAN-2 antigen in 20 µl of a 1:500 dilution of the standard antigen preparation was designated as 100 units ml -1 . The heterogeneity of mucin antigen migration on the gel indicated that the monoclonal antibody DU-PAN-2 recognized multiple mucin molecules which bore the same epitope (Lan et al, 1985 (Lan et al, , 1987 . The buoyant densities and amino acid compositions of purified fractions (I and II) suggested that DU-PAN-2 antibody-reacting antigen was mucin-like glycoprotein (Lan et al, 1987) . IL-2 used in our experiments was obtained from Dupont (Wilmington, DE, USA) which is the same as used by Barnd et al (1989) . One times 10 6 heterologous tumour-specific Tcell lines per ml (from lymph node cells of a mucinous pancreatic adenocarcinoma patient, established against mucinous T3M4 or non-mucinous PANC-1 pancreatic tumour cell lines) were repeatedly cultured with 1900 U ml -1 mucin and 5 U ml -1 IL-2 in 24-well flat-bottomed tissue culture plates (Costar, Costar Corp., Cambridge, MA, USA). Similarly, freshly isolated PBMCs from pancreatic adenocarcinoma patients were cultured with mucin plus IL-2. The leucocyte cultures were periodically cleared off excess debris by centrifugation through Ficoll gradient (Organon Technica) . The cultures were repeatedly restimulated with mucin after a cycle of culturing with mucin plus IL-2 for 3-4 days followed by IL-2 alone for 2-3 days. Some of the cultured cells were tested in triplicates for their ability to lyse T3M4, HPAF, PANC-1 and natural killer (NK) cell target K-562 or to proliferate against purified mucin. To determine the proliferation, 10 5 PBMCs from cancer patients were incubated in triplicates with 5 U ml -1 IL-2 or varying concentrations (475 U ml -1 to 2375 U ml -1 ) of mucin in the presence or absence of 5 U ml -1 IL-2 in 96-well flatbottomed tissue culture plates (Costar). After 72 h, the wells were pulsed with 1 µCi per well [ 3 H]thymidine and incorporation of [ 3 H]thymidine into DNA of proliferating cells was measured as described below.
Cytolytic assay
The cytolytic activity of tumour-infiltrating lymphocytes, peripheral blood tumour-specific T-cells, LAK cells and mucin-stimulated T-cells or PBMCs was assayed using 4 h Chromium-51 release assay (Barnd et al, 1989; Selvan et al, 1990 Selvan et al, , 1991 . As targets, we used several well established tumour cell lines including the heterologous pancreatic cancer cell lines HPAF, T3M4, PANC-1, COLO-357, CAPAN-1 and CAPAN-2, the autologous pancreatic cancer cell line WM and EBV-immortalized B cells, the breast tumour cell line SKBR-3, the melanoma cell line SKMEL-14 and the myelogenous leukaemia cell line K-562 (Barnd et al, 1989) . In some cases, target cells were preincubated with 20 µg ml -1 control antibody (IgG 2a ; Sigma) or anti-MHC class I antibody (W6/32) to block MHC class I-mediated cytolytic response. These target cells were then washed three times in RPMI medium and the cytotoxicity assay in triplicate samples was performed at various effector to target ratios as described above.
Proliferation assay
The proliferative rate was determined in triplicate samples for isolated tumour-infiltrating T-cells and peripheral blood tumourreactive T-cells (Barnd et al, 1989; Selvan et al, 1990 Selvan et al, , 1991 . Briefly, 10 5 responder resting T-cells were incubated with 10 4 irradiated autologous or heterologous stimulator cells for 3 days at 37°C in complete medium supplemented with 10% FBS in the presence or absence of 1 U ml -1 IL-2. The cells were then pulselabelled with 1 µCi per well of [ 3 H]thymidine for the last 18 h at 37°C and harvested using a Skatron cell harvester (Skatron Instruments Inc., Sterling, VA, USA). The incorporation of [ 3 H]thymidine was quantitated using a liquid scintillation counter (Wallac 1409, Wallac Oy, Turku, Finland) . In some cases, irradiated stimulator cells were preincubated with 20 µg ml -1 control antibody (IgG 2a ; Sigma) or anti-MHC class II antibody (L243) to block MHC class II-mediated proliferative response. In other cases, 10 µg ml -1 affinity purified antibody against pancreatic tumour mucin, DU-PAN-2 or SP-1 supernatant was included (Barnd et al, 1989) . These cells were then washed three times in RPMI medium and added at proper concentration to the responder T-cells. The proliferative response of T-cells was measured as described above.
Statistical analysis
All determinations were made in triplicate and data are reported as the mean ± s.e.m. The statistical analysis of data was carried out using Student's t-test, and P < 0.05 between two groups were considered to be statistically significant.
RESULTS

Heterologous pancreatic tumour-reactive cytotoxic T-cells do not recognize pancreatic tumour cells in the context of MHC-unrestricted mucin
In an effort to determine whether heterologous cytotoxic T cells recognize mucin expressed by human pancreatic tumour cells, cytotoxic T-cell lines (TP and RM) were established from draining lymph nodes of pancreatic tumour patients by stimulating with mucin-expressing (T3M4 or HPAF) and non-mucin-expressing (PANC-1) tumour cells ( Table 1 ). The tumour patients had very high levels of mucin in the serum at the time of surgery, determined by enzyme-linked immunosorbent assay (ELISA) using DU-PAN-2 monoclonal antibody ; data not shown). Cytotoxic T-cells derived from draining lymph node cells of a pancreatic adenocarcinoma patient (TP) were generated against heterologous, mucin-expressing pancreatic tumour cell line T3M4 in the presence of 5 U ml -1 IL-2. The established cytotoxic T-cells effectively lysed the stimulator cells, T3M4 (78% lysis at effector:target ratio of 25:1) as well as another target (CAPAN-1) that expressed mucin (87% lysis). The same effector cells, however, did not lyse other mucin-expressing pancreatic tumour cell lines such as HPAF or COLO-357 but exhibited a low level reactivity (20-23% lysis) towards mucin-expressing CAPAN-2 cells as well as non-mucin-expressing PANC-1 cells. In a similar fashion, TP cytotoxic T-cells established against mucinexpressing HPAF cells effectively lysed the HPAF cells (71% lysis). These cytotoxic T-cells elicited a range of low level reactivity (19-28% lysis) towards mucin-expressing CAPAN-1 and T3M4 cells, and non-mucin-expressing PANC-1 cells. TP cytotoxic T-cells established against non-mucin-expressing PANC-1 cells very effectively lysed PANC-1 cells (78% lysis) and melanoma cell line SKMEL-14 (76% lysis) and, at a low level (23% lysis) mucin-expressing T3M4 cells but not other mucinexpressing pancreatic tumour cells. A similar reactivity was also seen with RM cytotoxic cells established from pancreatic adenocarcinoma patient against T3M4, HPAF or PANC-1 cells (Table  1) . Interestingly, none of the heterologous T-cells established against mucin-expressing pancreatic tumour cells were able to lyse mucin-expressing breast tumour cell line SKBR-3. Previous studies from elsewhere have shown that heterologous, pancreatic Cytotoxic T-cells TP and RM were established from tumour-draining lymph nodes of pancreatic adenocarcinoma patients against heterologous pancreatic tumour cells T3M4, HPAF or PANC-1 by repeated stimulation with irradiated tumour cells in the presence of 5 U ml -1 interleukin-2. The data represent the cytolytic activity of T-cell lines assessed at about 2 months of continuous culture against Chromium-51-labelled tumour cell targets using various effector (E) to target (T) ratios. WM-cytolytic effector T-cell lines were established from peripheral blood mononuclear cells of pancreatic adenocarcinoma patients against heterologous, mucin-expressing pancreatic tumour cells, WM and HPAF respectively, in the presence of 5 U ml -1 interleukin-2. c FW-peripheral blood cells were stimulated with PHA (2 µg ml -1 ) for 48 h and the resultant blast cells were labelled with Chromium-51 and used as target cells. tumour cell-reactive T-cells also recognized breast tumour cells due to the expression of similar mucin (Barnd et al, 1989; Jerome et al, 1991) . The present results show that cytotoxic T-cells derived from patients with mucin-expressing pancreatic adenocarcinoma exhibit reactivity in a typical fashion by effectively lysing predominantly the cells that were used as stimulators. A cytolytic response seen against few other targets in this study suggests that these target cells have HLA-alleles matched with the stimulators.
To more precisely understand the reactivity of heterologous cytotoxic T-cells towards mucin-expressing pancreatic tumour cells, a set of HLA-defined tumour patient cytotoxic T-cells were established by stimulation with HLA-defined heterologous, mucin-expressing pancreatic cancer cells in the presence of IL-2. As shown in Table 2 , cytotoxic T-cell responses against heterologous, mucin-expressing pancreatic tumour cell targets occurred primarily as a typical allogeneic response. RC cytotoxic T-cells lysed the heterologous target tumour cells, WM, that were used as stimulators (35% lysis at E:T 25:1) as well as the target HPAF cells that had a matching MHC class I allele (A1) (56% lysis at E:T 25:1). In a similar fashion, WM cytotoxic T-cells established against HPAF cells, lysed HPAF cells (40% lysis at E:T 25:1) as well as non-mucinous target PBL-blast cells (61% lysis at E:T 25:1) that had a MHC-class I allele (B8) matched to HPAF cells. These CTLs (WM), however, did not lyse autologous tumour cells in spite of expressing mucin on their surface. Preincubation of target cells with W6/32 antibody blocked the cytotoxicity (83-86% inhibition) of both RC as well as WM CTLs irrespective of whether target cells expressed mucin (Table 3 ). The results demonstrate that heterologous T-cells generated against mucinexpressing pancreatic tumour cells appear to lyse targets, not in the context of mucin but in a typical alloreaction.
Autologous pancreatic tumour-reactive T-cells do not recognize mucin on tumour cells in MHC-unrestricted fashion
To circumvent the response of heterologous T-cells to disparate MHC molecules on heterologous pancreatic tumour cells, an autologous pancreatic tumour cell-reactive T-cell system (WM) was established from a surgically excised primary pancreatic adenocarcinoma. The system comprised of a tumour cell line, tumour cell-reactive T-cell lines from TILs and peripheral blood lymphocytes, and EBV-transformed B-cells. Characterization of the tumour cell line revealed that tumour cells expressed mucin as determined by immunoperoxidase staining with DU-PAN-2 antibody (Figure 1) (Borowitz et al, 1984) , and that the tumour cell line was MHC class I as well as class II-positive (Figure 2 ). Both TILs and tumour cell-reactive T-cells from peripheral blood proliferated against autologous tumour cells, WM, but not against heterologous pancreatic tumour cells, HPAF (Table 4) , and (B) anti-mucin IgM antibody (DU-PAN-2) followed by peroxidase-conjugated goat anti-mouse antibody and developed with the substrate diaminobenzidine (Borowitz et al, 1984) . Immunostained cells were counter stained with Gill's haematoxylin ence of IL-2, these cells expressed a proliferative response to IL-2 alone. When irradiated autologous tumour cells were added with IL-2, a tumour-specific proliferative response was consistently observed (P < 0.05). Such a proliferative response of these T-cells could not be detected against heterologous, mucin-expressing pancreatic tumour cells, HPAF (Table 4) , or autologous EBVimmortalized B-cells (Table 5 ). In addition, inclusion of anti-MHC class II antibody (L243) but not anti-mucin antibody (DU-PAN-2) inhibited the proliferative response of TILs against autologous mucin-expressing pancreatic tumour cells, WM (P < 0.05; Table  5 ). Autologous tumour-specific T-cell lines established from PBLs of the same patient elicited a significant response similar to tumour-infiltrating lymphocytes (P < 0.01; Table 4 ). The results do not support the contention that MHC-unrestricted mucin is involved in the patients' T cell-recognition of pancreatic tumour cells.
Lymphokine-activated killer cells do not recognize pancreatic tumour cells in the context of mucin
We investigated whether HLA-defined autologous, and heterologous, lymphokine-activated killer cells (WM-and RC-LAK cells respectively) recognize pancreatic tumour-associated mucin (Table 6 ). LAK cells, derived from PBMCs, lysed heterologous, mucin-expressing pancreatic tumour cells, HPAF (50% lysis at E:T 25:1), but not the autologous, mucin-expressing pancreatic tumour cells, WM (2% lysis at E:T 25:1). It is not known whether the non-reactivity of autologous LAK cells to its target is a specific response to the present system or a general phenomenon. 
Purified pancreatic tumour cell-mucin does not elicit mucin-or tumour cell-specific T-cell response
Previous investigators (Barnd et al, 1989) observed that purified pancreatic tumour mucin directly stimulated T-cells established against mucin-expressing heterologous pancreatic tumour cells. To determine whether mucin could elicit a tumour-specific T-cell response, purified mucin from the same source used by Barnd et al (1989) was obtained and tested as described in Materials and Methods. All cells could be cultured with purified mucin and IL-2 for about 2-3 months without much expansion. As shown in Table  7 , the established cytotoxic T-cell line (TP) from lymph node of a patient against irradiated T3M4 in the presence of 5 U ml -1 IL-2, effectively lysed the stimulator cells T3M4 (78% lysis at effector:target ratio of 25:1) and at very low levels the K-562 cells (4.91% lysis). When these T-cells were cultured with 1900 U ml -1 mucin and 5 U ml -1 IL-2 for 5 weeks, they insignificantly killed
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British Journal of Cancer (2000) Effector LAK cells (WM and RC) were obtained by culturing peripheral blood mononuclear cells from mucin-expressing pancreatic adenocarcinoma patients with 1000 U ml -1 of human recombinant interleukin-2 for 5 days and the cytolytic activity was determined using various effector (E) to target (T) ratios. The values represent percentage specific lysis obtained at E:T 25:1 in a 4 h Chromium-51 release assay. HLA pattern of effector and target cells are given in Table 2 T3M4-specific heterologous cytotoxic T-cells were repeatedly cultured with 1900 U ml -1 mucin and 5 U ml -1 IL-2 for 5 weeks. c Peripheral blood mononuclear cells (PBMCs) from a cancer patient were repeatedly cultured with 5 U ml -1 IL-2 or 1900 U ml -1 mucin plus 5 U ml -1 IL-2 for 5 weeks. The data represent the cytolytic activity of T-cell lines assessed after continuous culture against Chromium-51-labelled tumour cell targets using various effector (E) to target (T) ratios. the initial stimulator T3M4. Similarly, PANC-1-reactive CTLs, after culturing repeatedly with mucin plus IL-2 for 5 weeks, displayed an unresponsiveness to PANC-1 cells (data not shown). PBMCs derived from a cancer patient, cultured either with 5 U ml -1 IL-2 or 1900 U ml -1 mucin plus 5 U ml -1 IL-2, exhibited low level killing of non-mucinous PANC-1 cells and NK cell target, K-562 cells, with negligible cytotoxicity against mucinous HPAF cells (Table 7) . Culturing fresh PBMCs from cancer patients for 3 days with varying concentration of mucin in the presence of 5 U ml -1 IL-2, did not stimulate a proliferative response over IL-2 alone (Table 8) . Rather, 1900 and 2375 U ml -1 concentrations of mucin decreased the proliferative response induced by IL-2 (11-14% and 20-22% decrease respectively; P < 0.05). The results of these experiments reveal that the purified mucin, (a) rendered the heterologous pancreatic tumour cell-reactive T-cells unresponsive to its target even in the presence of IL-2, and (b) did not produce mucin-or tumour-reactive T-cells from patients' peripheral blood cells even in the presence of antigenpresenting cells and IL-2. These results fail to support the contention that mucin is an antigen recognized by T-cells from cancer patients. Barnd et al (1989) claimed a general MHC-unrestricted recognition of mucin by heterologous T-cells based on one patient. Since an autologous cell system was not available, Barnd et al (1989) used a heterologous cell system. The results of our investigation do not support MHC-unrestricted recognition of pancreatic tumour mucin by pancreatic tumour cell-reactive heterologous cytotoxic T-cells. WM-cytotoxic T-cells established against heterologous tumour cells HPAF lysed the stimulating target cells HPAF as well as mucin-non-expressing PBL-blast cells that possessed matching MHC class I alleles with the stimulator (HPAF). These T-cells, however, did not lyse autologous tumour cells in spite of expressing mucin on the surface, further indicating an allogeneic response. Furthermore, the autologous T-cells, proliferated against their own tumour cell target WM, did not respond to heterologous, mucinous-tumour cell line HPAF, thus revealing no MHCunrestricted recognition of mucin. Even, PBMC-derived LAK cells did not universally recognize pancreatic tumour cells that expressed mucin. If mucin were recognized, LAK cells would have killed the autologous pancreatic tumour cells that expressed mucin. In another paper, Jerome et al (1991) reported that lymph node cells obtained from two patients were alternatively stimulated by varying the stimulator cells (lymph node cells from each patient were stimulated with five different heterologous, HLAunmatched tumour cells in an alternating fashion). It is unclear what kinds of T-cells were generated in such a situation. Although these investigators justified the use of such a method of stimulation, their observation does not unequivocally disregard the presence of alloreactivity. If one were to agree that such methodology is appropriate, it should have been employed in other studies as well. That does not seem to be the case (Barnd et al, 1989; Margarian-Blander et al, 1998) .
DISCUSSION
In the present study, we did not observe a promiscuous reactivity of heterologous T-cells against a variety of mucin-expressing pancreatic and breast tumour cell lines. An initial study by Barnd et al (1989) on heterologous pancreatic tumour cell-reactive T-cells did not provide information regarding the similarities and the differences in HLA class I molecules of cells used in their cells. Furthermore, we could not establish mucin-or mucinous tumour cell-reactive T-cells from patients' PBMCs with purified mucin and IL-2, even in the presence of antigen-presenting cells. Our results suggest that in our autologous system, mucin is more likely not the recognition antigen. If it were the antigen, we would have generated mucin or tumour-specific T-cell response from PBMCs, lymph node cells or splenic cells of mucinous-tumour patients, cultured with purified mucin and IL-2. We did not detect such a response in our cultures. We cannot rule out the possibility that tumour-reactive autologous T-cells might still be recognizing unique determinant(s) of mucin on tumour cells. In order to establish whether mucin on tumour cells is recognized by T cells, unique determinants need to be identified using a direct approach, such as gene transfection with cDNA library of mucinous tumour cells, and subsequent screening of transfectants with tumour cell-reactive autologous T-cell clone (Deplean et al, 1997) . Interestingly, previous investigators (Barnd et al, 1989) observed that purified tumour-mucin directly stimulated the T-cells that were established against mucin-expressing heterologous pancreatic tumour cells. Further investigations explored the role of mucin as a possible tumour vaccine (Goydos et al, 1997) . A recent study (McKolanis et al, 1996) noted that mucin-specific T-cells are very rare in tumour draining lymph nodes. MUC-1 has also been shown not to induce apoptosis in T-cells but to inhibit human T-cell proliferative responses (Agrawal et al, 1998; Boussiotis et al, 1998) . In addition, a previous study (Agrawal et al, 1998) demonstrated that polyclonal proliferative response of T-cells was restored when IL-2 was included with purified mucin. Contrary to this observation, Paul et al (1999) found no evidence for an inhibitory role for MUC-1. Furthermore, in sharp contrast to the present study, previous investigators (Wahab and Metzgar, 1991) noted that T-cells were inhibited by HPAF cells which expressed high levels of mucin. This observation questions the immunogenicity of pancreatic tumour mucin, MUC-1.
Investigations on autologous pancreatic tumour cell-reactive T cells as well as HLA-defined heterologous pancreatic tumour cell-reactive T-cells underscore the importance of establishing several pancreatic tumour cell-reactive, autologous T-cell systems in vitro for use in the identification of novel tumour-associated antigens. For example, the identification of immunological and genetic reagents displaying the appropriate specificity will help in distinguishing between pancreatic adenocarcinoma and normal pancreas (Grem, 1997) . A large number of studies have identified several novel tumour-associated antigens using autologous T-cells in other solid malignancies such as melanoma (Robbins and Kawakami, 1996) . Ultimately, there is a need for systematic identification and characterization of pancreatic tumour-associated antigens. The immune responses directed against them will advance our understanding of pancreatic tumour-specific immunity and facilitate the developments of novel therapeutics, possibly including tumour vaccines.
